Abstract. Palm oil industry has increasingly become the important industry for Malaysia. However, only a limited number of researches have been conducted on improving the palm oil industries. This research attempted to contribute by improving forecast activity along the palm oil industry. Specifically, this research centred on the development of forecast software for a Malaysian based palm oil estate. The developed forecasting software can be used to assist the estate manager in predicting accurately their monthly delivery quantity to the palm oil mill. The forecast technique selected for this research was the trend adjusted exponential smoothing technique. The performance of the trend adjusted exponential smoothing technique based software was then compared to the naïve method. Comparison in the performance indicated that the trend adjusted exponential smoothing produces lower root mean square error, which is equivalent to 14.6% of error produced by the naïve method. This finding emphasises the efficiency of the trend adjusted exponential smoothing in predicting the monthly delivery quantity by the palm oil estate.
Introduction
A forecast is a prediction of future events, which is usually used as basis in planning [1] . In production, forecast is used to predict the future demands for products. The higher in the degree of forecasting accuracy will ensure optimum customer service level [2] . In production planning, outputs from forecasting of demands are the necessary inputs for determining the number of products necessary to be produced at one time. Knowing the appropriate quantity of a product to be produced, in turn, help in estimating the plant capacity and required human resource.
In Sabah, most palm oil mills operate 16 hours daily. As a result, the palm oil estate has to palm fruits daily just enough to fulfil demands for 16 hours palm oil mill operation. The requirement to supply the fruits according to daily production required proper planning in term of daily delivery quantity and schedule by the palm estate. These daily palm estate activities need to be properly planned. Usually, the palm estate daily activities are planned based on monthly tactical plan, which is designed based on its monthly demands. As a result, the ability to forecast monthly demands can help the estate in designing accurately its tactical plan.
This research aims to develop forecast software to assist the estate in predicting accurate monthly delivery quantity to the palm oil mill. The outputs from the forecast can then be used in designing the estate tactical plan such as estimating monthly total areas to be harvested and number of workforces required for harvesting.
Literature References
In general, forecast techniques used in literature can be classified into two categories; qualitative and quantitative techniques. The qualitative techniques used mainly subjective inputs. This technique is applicable when historical data is not available. The quantitative techniques analyse historical data such as previous demands to predict future [2] . Therefore, these techniques are more relevant to this research. Among research under quantitative includes research by Yelland [3] , Gardner [4] , Syntetos and Boylan [5] , Levis [6] and Sun [7] . Yelland [3] compared a Bayesian model with exponential smoothing and judgmental techniques to forecast the demanded parts. They found that the Bayesian model is well-suited for forecasting part demands and exponential smoothing well-suited for variety of application. Gardner [4] compared focus forecasting and exponential smoothing. They concluded that focus forecasting able to select methods that match the characteristics if the time series under studies. Syntetos and Boylan [5] compared Croston's method with simple moving average and exponential smoothing. They concluded that Croston's method performed better than the two techniques. Levis [6] studied support vector regression analysis for customer demand forecasting. They concluded that the technique able to achieve prediction accuracy more than 93%. Sun [7] studied forecast on customer demand using moving time window method. They found that the method produces average error of less than 2 %. Among the techniques available, the exponential smoothing technique is the most widely used due to minimal data storage requirements and ease of calculation. The review also indicates that there is a lacked of research conducted in forecast of activities for palm oil industry.
The Case Study
Palm oil industry has increasingly become an important industry for Malaysian economy. However, only a limited number of researches have been conducted on improving the palm oil industries. This research focused on improving activities within a palm oil estate. The selected palm oil estate is located at the district of Merapok in Sabah, Malaysia. The estate is one of the 4 estates own by a medium size palm oil group. The estate started their first harvesting in 2000. Until today, the estate has been operating for 10 years and producing more than 150,000 metric tons of palm oil fruits.
The Experiment and Forecast Software
In this research, the trend adjusted exponential smoothing technique had been selected to be used to improve the naïve method currently practiced by the estate. The formulas for the trend adjusted exponential smoothing are as shown in Eq. 1 to Eq. 3 [2] .
A t = αD t + (1-α)( A t-1 + T t-1 ).
(1) T t = β( A t -A t-1 ) + (1-β) T t-1 .
(2) F t+1 = A t + F t .
The naïve method, on the other hand, assumed that the forecast for any period is equivalent to the previous period's actual value as illustrated in Eq. 4 [2] .
The performance of the forecasting techniques was evaluated based on their contribution towards their root mean square error (RMSE). The formula for RMSE is as shown in Eq. 5 [2] . The technique with the lowest error is considered as the best technique.
Where, A t = exponentially smoothed average of the series in period t. T t = exponentially smoothed average of the trend in period t. α = smoothing parameter for the average, with a value between 0 and 1. 
Results
In this experiment, the values for the parameters α and β were determined using the trial and error technique. Using the trial and error, the value for α was found to be 1.0 and the value for β was 0.1. The determined parameter values were then used to estimate the forecast monthly delivery quantities for the last ten years. In addition, the quantity delivers monthly were also predicted using the naïve method. The actual and forecast values for the monthly delivery quantities are shown in Table  Appendix 1. Finally, the RMSE for each year was also calculated for each forecast technique. The calculated RMSE are summarized in Table 1 . Comparison in RMSE produced by both techniques indicated that the trend adjusted exponential smoothing produces lower average RMSE of 33.43 compared to 228.33 produced by the naïve method. The error produced by the trend adjusted exponential smoothing was equivalent to 14.6% of the error produced by the naïve method. In addition, ANOVA test was also conducted to test the significant different in RMSE values between the two techniques. The ANOVA test indicated that the RMSE value for the trend adjusted exponential smoothing is significantly lower than the values produced by the naïve method. This significant low error indicates high accuracy for the trend adjusted exponential smoothing in predicting the monthly delivery quantities for the palm oil estate.
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Conclusion
Palm oil industry contributes significantly toward Malaysia economy. However, only a limited number of researches have been conducted on improving the palm oil supply chain activities. This research added onto the limited available research on palm oil industries by focusing on improvement activities within a palm oil estate. In estate plantation industry, the expected delivery quantity needs to be predicted so that the accurate quantity to be harvested can be estimated. This accurate prediction allows accurate estimation on the number of required man power and the total area to be harvested.
This research developed forecast software based on the trend adjusted exponential smoothing for predicting the estate's monthly delivery quantities. The trend adjusted exponential smoothing performance had been compared to the naïve method. The comparison in RMSE produced by both techniques indicates that the trend adjusted exponential smoothing produces lower average RMSE of 33.43, which is equivalent to 14.6% of the error produced by the naïve method. Therefore, the comparison showed that the trend adjusted exponential smoothing can predict significantly accurate delivery quantities for the estate. 
